This paper presents a fair MAC protocol based on the CSMA/CA algorithm in visible light communication (VLC) networks. The problem of bandwidth sharing among differentiated priority in VLC networks can be solved by using number of backoff time and backoff exponent parameters with AIFS. The proposed algorithm can achieve fair allocation of the bandwidth resource among differentiated priority. The two dimension Markov chain is assisted for analyzing the proposed mechanism about throughput and delay metrics. Numerical results show that our proposed algorithm improves the fairness among different traffic flows.
INTRODUCTION
In recent years, Visible light communication (VLC) is one type of short-range optical wireless communication system in which visible light is used as a transmission medium [1] . When compare with radio frequency system, VLC has some advantages such as: harmless to human body, providing high security, high data rates, license free frequency band, and no interference with radio frequency system (RF) especially aircraft equipment or medical instruments. Some schemes to support fairness had been proposed in literatures [2] - [6] . In paper [2] , a fair scheme which uses differentiations of IFS (inter frame space) and CW (contention window) for two classes of STA (stations) is presented in an 802.11e WLAN. The service index-based fairness scheduling algorithm (SIB-FS) which accounts for the service received by each flow and adjusts the backoff time for fair service is presented in [3] . Albert Banchs and Xavier Perez [4] extended the DCF (distributed coordinator function) of IEEE 802.11 to provide weighted fair queuing in WLAN. A fair MAC protocol for IEEE 802.11 based ad hoc networks was proposed in [5] to design practical fair media access control frameworks. Paper [6] proposed a priority-based fair scheduling algorithm for subscriber stations to serve a mixture of uplink traffic from different scheduling services. There are many literatures which have analyzed the CSMA/CA algorithm by using a discrete-time Markov chain model [7] - [10] . In this paper, we proposed a modified CSMA/CA algorithm to support fair MAC protocol for differentiated priority. Our mechanism uses backoff exponent (BE), number of backoff times (NB) and arbitration inter frame space (AIFS) to control the channel access procedure.
The rest of this paper is organized as follows: The proposed fair MAC protocol based on CSMA/CA algorithm is described in Section 2; Analytical model and performance analysis is addressed in Section 3; Numerical results are given in Section 4; finally Section 5 concludes this paper.
PROPOSED A FAIR MAC PROTOCOL BASED CSMA/CA
In this subsection, we describe the operation of modified CSMA/CA algorithm of IEEE 802.15.7 to provide fair protocol among differentiated priority in Fig. 1 than NB max value, the algorithm will relocate backoff period boundary. Then it will apply backoff delay process again. If the channel is idle, the packet is transmitted successfully. 
ANALYTICAL MODEL
Let s(l,t) and c(l,t, be the stochastic processes values representing the value of NB, value of the backoff counter (BE) at time t, respectively. Fig. 2 represents the Markov chain model which a node transmits a packet. In Fig. 2 , we denote some MAC parameters such as:
= NB max = m for packet with priority l level.
(-1,0) represents the state of an empty queue of a device. α is the probability that the channel is busy when a device in l level is sensing in CCA procedure. P 0 is the probability that the queue has packet to send.
P{-1,0│m,0} = P 1 α
Equation (1) is the probability of empty queue which was empty in the previous state. Equation (2) shows the probability of going back to the first backoff stage from the idle stage. Equation (3) represents the reducing of backoff counter. Equation (4) represents the probability of going back to the empty queue stage after packet transmission. Equation (5) represents the probability of going back to the idle stage due to the retry limit.
We By the normalization condition, we know that:
According to the relationship between stable states we have: 
where P s , P I , P c , T p , T s , and T c are the probability of a successful transmission, idle channel, busy channel, the time to transmit the packet payload, the average durations for successful transmission and collision, respectively. We define the delay of a packet, D, which is the time elapsed from the instant of the generation of the packet to the instant of the successful reception or drop of it. The value of D is depended on the l priority level. So, E(D) is the mean value of D. The mean value E(D) can be given by: 
NUMERICAL RESULTS
In this section, the modified CSMA/CA algorithm with AIFS will be validated through two performance metrics: throughput and transmission delay. The numerical result also bases on the parameters in specifications of the IEEE 802.15.7 in [1] . We used the PHY type I with OOK modulation scheme and 24.4 kb/s data rate in the numerical performance. We also assume that the numbers of devices in each priority level are same and the maximum numbers of devices in each level are 10 devices. We set L = 1 in the numerical results or there are two priority levels. So, we have high priority (L=0) and low priority (L=1). Each priority class is assigned an AIFS. To investigate the impact of multi-parameters on the VPAN, we set the multi-parameters correlative with high priority and low priority as follow: BE [l] In Fig. 3 and Fig. 4 , we reported the throughput and transmission delay when the number of devices increases with proposed fair MAC protocol in analysis. The throughput is decreased as number of devices is increased because of sharing the bandwidth capacity. The transmission delay is increased as number of devices is increased due to the probability of a collision becomes larger. The higher priority achieves higher throughput and lower transmission delay. 
CONCLUSION
This work presents a fair MAC protocol using modified CSMA/CA algorithm with AIFS in IEEE 802.15.7 VLC system. A discrete time Markov is used to model the procedure of proposed mechanism and analyze the throughput and transmission delay. The numerical results show that our proposed mechanism is appropriate to support fair MAC protocol for differentiated priority. 
